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NOVELTY - A solid high polymer electrolyte consists of a 
perfluorosulfonic acid film. 

DETAILED DESCRIPTION - The perfluorosulfonic acid film is formed of 
repeating units of (A) and (B) of formula (I). 

The ratio of the repeating unit (A) to the repeating unit (B), 
(A)/(B), is 1.5-10. 

USE - A proton conductive fuel cell is used in an electric car, 
household thermoelectricity supply. 

ADVANTAGE - The perfluorosulfonic acid film has 3 units of CF2 at 
its side chain. The result produces a proton conductive fuel cell 
having high energy efficiency at lower costs. A cell is easily 
assembled and retains its performance for a long period of time. The 
imide acid structure of the crosslinking high polymer electrolyte has a 
two-unit structure. The result provides the imide acid with high acid 
strength, and decreases internal electrical resistance by decreasing 
over-voltage. 
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(57) [Abstract] 

[Problem] In addition to fact that production cost is cheap, ene 
rgy efficiency is high,the assembly of cell being easy, long-term 
maintenance is possible peifoirnarice 3 the novel proton- 
conducting fuel cell is offered. 

[Means of Solution] As solid polymeric electrolyte, it has struct 
ure, side chain - 0(C F2)3 S03 H, perfluoro sulfonic acid 
membrane is used . In addition, crosslinked polymer electrolyte 
which possesses irride acid of next kind ofstructure as electrode 
catalyst coating agent, is used 
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[1b1] [Chemical Formula 1] 

-SO ! CF 2 CF2CO-N-S02CFsCF 2 CO- 

I 

H 



-SOjCFjCFjCO-N-COCFjCFjSOj- 

I 

H 



-SO»CFjCF«SO»-N-SOaCF»CF«SO*- 

I 

. H 



•5 ( a ) a ct ( b ) <r> ft y & l * to r- fit it £ ft / < - v a 

(A) -(CF 2 CF 2 )- 

(B) -(CFaCF)- 

I 

0(CF2) 3 SOaH 
(rr-C, #»)3KLlil{fc*<Oibtt(A)/(B) = l 



[aaim(s)] 

[Claim 1] Solid polymeric electrolyte, is perfluoro sulfonic aci 
d membrane which is formed with repeat unit of (A) and 
(B)which is shown in Forrrula ( 1) proton-conducting fuel cell 

[Chemical Formula 1] 

(1) 



5~1 0) 

[Qaim2] Electrode catalyst coating agent, stated in Qaim 1 
which is a crosslinked polymer electrolyte which is shown with 
General Fonrula (2) forrrula proton-conducting fuel cell 
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^ b2] [Chemical Formula 2] 

-(X-N)p- (2) 
I 

Y 

(-f> Xli-COCF 2 CF2S0 2 - -S02CF 2 CF 2 CO-^cli 
-.SO2CF2CF2SO2- i YttH4fctt2*£l±o«JB[^ ; pf±2^±<D 

mm 



[000 1 3 
[0002] 

Hb3] 

"(CF2CF 2 ) k ~(CF2CF)i- (3) 

CF B 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention regards prot 
on-conducting fuel cell which is used for electric car and for 
theone for thermoelectric combined supply for household etc. 

[0002] 

[Prior Art] Until recently, perfluoro sulfonic acid film which is s 
hown with general formula (3) as solid polymeric 
electrolytewhich controls performance of proton-conducting 
fuel cell, was used 

[Chemical Formula 3] 



(OCF 2 CF) q O(CF a )iSO s H 



( a ) KEITH PRATER, "THE RENAISSANCE OF THE SOLID PO 
LYMER FUEL CELL"Jounal of Power Souces, 29 (1990)23 
9-250 

(b) EUROPIAN PATENT SPECIFICATION 0289869 Bl 
[0003] z?a h>fi»SJB»eafl!)tt1l6*3EEr* 



Because among above-mentioned perfluoro sulfonic acid film, t 
hose of q=0 can makethe ion exchange capacity larger than 
those of q=l , proton-conducting fuel cell which uses thislowers 
internal electrical resistance, what can make energy efficiency 
high, is disclosed in thebelow-msntioned literature. 

(A) KEI THP RATER,"THE RENAISSANCE OF THE SOLID P 
OLYMERFUEL CELL"Jounal of Power Souces,29(1990)239- 
250 

(B) EUROPIAN PATENT Spec IF ICAHON 0289869 Bl 

[0003] There is a electrode catalyst coating agent, as element o 
f another which controls performance^ proton-conducting fuel 
cell, but those which disperse portion of high ion exchange 
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*■ ii«E*tt<-C!*4t,«>fc LT, fcHWl 1-79 
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lit 4-] 



-<Z-N), 
I 

- Y 



(4) 



capacity ofthe perfluoro sulfonic acid polymer which is shown 
with Formula (3), to mixed solvent of ( lower fatty alcohol + 
water) areusually used for this objective . Vis-a-vis this, 
crosslinked polymer electrolyte which contains imide acid group 
which is shown withthe general formula (4), furtherrnore has 
been disclosed ion exchange capacity in Japan Unexamined 
Patent Publication Hei 1 1 - 7969 as itcan make high, can make 
overvoltage low. 

[Chemical Forrrula 4] 



(iit, Ztt-'COCFiSOi-tfcli-SOiCFiCO- 



[0 0 0 4] L**LftA<&, C*Lb<Z)«t*atrifzli*<D 
(a)±B«(3)«-e, -f*>S»Mt»<1?*« q = 



[It5] C F 2 =C FO(C F 2 ) 2 S 0 2 F 



(5) 



[0004] But, next kind of deficiency exists in these Prior Art . 

(A) With above-mentioned Formula (3), perfluoro sulfonic acid 
film of q=0 which can makethe ion exchange capacity high 
copolymerizes perfluoro vinyl ether monomer which is shown 
with tetrafluoroethyleneand Formula (5), film formation after 
doing, hydrolysis does and is produced 

[Chemical Formula 5] C F2 =CFO(C ¥2)2 S02 F (5) 



[0 0 0 5] U.S. P. 4, 358 f 412-CH7FS:|iTl*4* 

n?Q\£i> k*jbi*t, ftasfti^ywt 



[0005] As disclosed with US Patent 4,358,412, monomer of ab 
ove-mentioned Formula (5) isproduced making use of chloro 
penta fluoro propylene oxide whose cost is high, by 
thefollowing reaction. 
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Ht 6 ] [Chemical Formula 6] 

CFzCl CF 2 C1 
I I 

FS0 2 CF 2 COF + CF-CF 2 ~> F S 0 2 (C F 2 ) 2 QC F CO F 



Li 



CF2CI 



I 



FSO ! (CF 2 ) 2 OCFCOF 



FS0 2 (CF a ) s OCF=CF: 



[0006] ZOfcfolzhl^X. 3^ 
pp^nf^tW K*ffifflt-fti. U.S. 
. P. 3, 560, 568. U. S. P. 4. 329. 435^IZ|B® £ hX H-S J: 5 



[0006] At time of this reacting, when hexafluoropropylene oxi 
de whose cost is cheapis used, as stated in for example US 
Patent 3,560,568, US Patent 4,329,435 etc, perfluoro vinyl 
ether monomer is not acquired, withthe vinyl conversion step 
as description below cyclic sulfone forms. 



Kb 7] 



CF; 



FSO*CF 2 COF + CF-CF2 



Li 



CF: 



FSO,(CF S ) 2 OCFCOF 



[Chemical Formula 7] 
CF, 

I. 

FSO 2 (CF 2 ) 2 0CFC0F 



CF : 



r (CF 2 ) 2 OCF 



-so 2 



tot, ±I5(3)itT' q = 0 7 DD*;i/7to 



Therefore, perfluoro sulfonic acid film of q=0 must use chloro 
penta fluoro propylene oxide whose cost ishigh with 
production step with above-mentioned Formila (3), also 
production cost ofthe proton-conducting fuel cell which uses 
this film rises. 



[0 0 0 7] (b)U. S.P.3,560. 568 l=!E«41xTl*6J: [0007] (B) As stated in US Patent 3,560,568 , as for cyclization 



ISTA's Paterra(tm), Version 1 .5 (There may be errors in the above translation ISTA cannot 

be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel: 800-430-5727) 



P.6 



JP 00268834A Machine Translation 



?\z s ±jftLfeSibSJEBttJ»S{*a)atfifBi»a)^ a c4:< 



[ft 8] 

-CFsCF*- + CF*=CF 



I 

0(CF 2 ) 2 S0 2 F 



CF 2 CF2CF 2 -CF - 



I 



i 



0(CF 2 ) 2 S0 2 F 

-CF 2 CF*CF 2 -CF— SO2 n 
I 

O (CF 2 ) 2 - 



+ F 



reaction which description aboveis done as description below 
with rrechani sm occurring even whencopolymerizing not to be 
only a production step of monomer, due to condition ,there are 
times when it causes chain transfer. As a result, molecular 
weight of copolymer which is acquired not tobe a satisfactory, 
mechanical strength of perfluoro sulfonic acid film decreasing, 
it becomes difficult tomaintain assembly and performance of 
cell of proton-conducting fuel cell whichuses this in long period. 
Because such phenomenon is easy to happen extent whose ratio 
of theperfluoro vinyl ether monomer for tetrafluoroethylene is 
many, while keeping mechanical strength, making use ofthe 
monomer of Forrrula (5), there is a limit in making ion 
exchange capacity high. 

[Chemical Formula 8] 



[0008] (c)±E(4)jC-C**tift§E«iS»*«* 
It 14, -f*>£ftgfl£(3)a<D/<-7nQxn/*:/tt 
■ J=yi4iAM=**<T?*5o LfrL*#&, 
1 -7 9 6 9(ZE«**1TL^4*9(^ i/^-^PPX 
)l*>&mt®CmUT:fo%F SO z CF 2 COF£SJj£ 
\zm^Z><DVs TIM) J: 5 (c 4 5 KKafcflDfcittfS^iR 
3ltt<DCF 2 *1»ttLfr#*1", N-H<D»tt*<fc* 



[0008] (Q Gosslinked polymer electrolyte which is shown with 
above-mentioned Formula (4) can make the ion exchange 
capacity larger than perfluoro sulfonic acid film of Forrrula (3) 
much. But, as stated in Japan Unexamined Patent Publication 
Hei 1 1 - 7969, because as said perfluoro sulfonic acid filmF 
S02 C F2 COF which isthe same starting material is used for 
production, as description below structureof irride acid group 
only 1 unit includes C F2 of electron withdrawing, acidityof N - 
His not strong excessively. Because of that, improvement 
effect of electrical conductivity for conventional method there 
is a deficiencythat cannot be made large. 
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[lb 9] 

-S02-CFs-CO~N-S0 2 -CF 2 -CO- 

I 

H 

-S0 2 -CF 2 -CO-N-CO-CF2- SO2- 
I 

H 

[0009] 

[«W>M*»LJ:3fr6SHJ **Slli. Sign* h 



[001 0] 

mntLx. (D*i=***i6(A)tej:ot(B)©iiyjs 

[ftl 0] 

(A) -{CFsCFO- (1) 

(B) -(CFiCF)- 

I 

0(CF*).SO s H 
U^T, *5SUIMS»©Jtf±<A)/<B)-l. 5~1 

[0 0 1 1] *fc. **W(D^O |>>e»gsj)B«B»0!) 



[Chemical Formila 9] 



[0009] 

[Problems to be Solved by the Invention] It designates that as f 
or this invention, in addition to fact that the production cost is 
cheap, energy efficiency is high, assembly of cell beingeasy, 
can maintain performance over long period, offers proton- 
conducting fuel cell as theobjective. 

[0010] 

[Means to Solve the Problems] In order to achieve above-rrenii 
oned objective, proton-conducting fuel cell of this 
inventionhas used perfluoro sulfonic acid rrerrbrane which is 
formed with repeat unit of (A) and(B)whichisshownin 
Formula (1) as solid polymeric electrolyte. 

[Chemical Formula 10] 



) 



[001 1] In addition, it is desirable to be a crosslinked polymer ele 
ctrolyte which is shown with General Formula (2)formula as 
electrode catalyst coating agent of proton-conducting fuel cell 
of this invention 
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[Chemical Fornula 11] 
(2) 



-(X-N)p- 
I 

Y 

Xli-COCFsCFaSO*-, -S02CF 2 CF2CO-*rcfa 
-.5Q 2 CF 2 CF«S0 2 - YttH*fctt2ffi#J:<0£MIK*, p t±2&,±(D 

mm 



. x.*)v*-ttimt)<mi*±.: 'i2)\'<i)mii.ts<®%v* itffi 



[0 0 12] 

«, hhm5#*«**#, <i)sc-c***i*<A)fcj:o; 

(B)©liyiBL*tt-C«J«4*ifc/<-7PPX^*>|| 

nti 2] 

(A) -(CF 2 CF2>- (1) 

(B) -(CF*CF)- 



In addition to fact that as for proton-conducting fuel cell of this 
invention, production costis cheap, energy efficiency is high, 
assembly of cell being easy, the performance can be maintained 
lengthy. In addition, it is possible electrode catalyst covering 
commodity to lower overvoltagebecause those where number 
of units of C F2 is many are used and, tomake internal 
resistance low. 

[0012] 

[Fjiixxlimsnt of Invention] As for proton-conducting fuel cell 
of this invention, solid polymeric electrolyte, is perfluoro 
sulfonic acid membrane which is formedwith repeat unit of (A) 
and (B) which is shown with Formula (1). 

[Chemical Formula 12] 



I 

0(CF2)aSOsH 



ZZX', «yfiL»tt»©lf(A)/(B)tt. -t&\z-\. 
5~1 Otf)l5HI=*y, »£L<I*2~7. 5IC$?£L 
<l*2. 5~60)fGHl366 o -f^->SE*»«l***-C 

-f*>£»8ft(meq/gt£«»IB) = 1.000/ 
(100 (A) /(B) +328) 

[0 0 13] *fc, c0«na?a h>&«stttt*a 



Here, as for ratio (A) /(B) of number of repeat units, there is ge 
nerally arange of 1.5 to 10, preferably 2 to 7, furthermore 
thereisarangeofthepreferabIy2.5to6. ion exchange 
capacity is displayed with next formula. 

[Mathematical Formula 1 ] Ion exchange capacity (meq/g dry re 
sinH,000/(100 (A)/(B) +328) 

[00 1 3] In addition, regarding proton-conducting fuel cell of this 
invention, it is desirablefor crosslinked polymer electrolyte 
which is shown with General Formula (2) as electrode catalyst 
coating agent to use. 
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[ft1 3] 



-(X-N),- 



[Chemical Fonrula 13] 
(2) 



(ZZX\ Xli-COCF 2 CF 2 S02-, - S OzC F*C F 2 CO-ifcti 
-.S0 2 CF/CF 2 S02- ; YttH*fctt2«a±©fcJlfl(*; p\*2£L±<D 

■an 



[0 0 14] U. S. P. 4. 329, 435 fl|EB * tlX l\& «fc 5 K 

^ 7 p p L/ > t ( 6 ) sc-e* £ tus /<— 7 □ p tf — ;u 

X-T;U*g<*$*l^L, 1O-3OO/im0llJI: 

, /\°-7 p pt;u+;u t-jn-f;Ho8=^/?- 



[ft 1 4] C F 2 =C FO (C F 2 ) 3 S 0 2 F 



(6) 



4*lfi*H*J:ytCF2^1*tt*Oa)T?, ±»Lfc 



[0 0 15] U.S. P. 4, 329, 435 lZ«fcfltf, (6)xCT-*£ 
*t§±IH<D/^-7POd-;ux-T;i/*gftli, *<Dcfc 



[0014] As stated in US Patent 4,329,435 , perfluoro sulfonic aci 
d film which is used with this inventioncopolyrnerizes perfluoro 
vinyl ether monomer which is shown with tetrafluoroethylene 
and Forrrula (6),the film forrmtion after doing, hydrolysis does 
in thickness of 10 to 300 mandisproduced At time of 
copolyrrerization, it is possible also to add 
cMorotrifluoroethylene , hexafluoropropylene , perfluoroalkyl 
virryl ether or other third monomer. 

[Chemical Forrrula 14] C F2 =€FO(C F2)3 SQ2 F (6) 

Because as for above-mentioned perfluoro vinyl ether monomer, 
CF2 1 unit is manyin comparison with monomer which is 
shown with Formula (5), cyclization reactionat time of 
copolymerization which description above isdone not to 
happen, while mechanical strength is maintained be able to 
actualizethe high ion exchange capacity, you can measure 
improvement of energy efficiency of the proton-conducting 
fuel cell. In addition because mechanical strength of film is large, 
assembly ofthe cell being easy, maintenance of performance 
which crosses long periodis possible. 

[0015] According to US Patent 4,329,435 , above-mentioned p 
erfluoro virryl ether monomer which is shown withthe Formula 
(6) is produced by next kind of reaction. 



ISTA's Paterra(tm), Version 1 .5 (There may be errors in the above translation ISTA cannot 

be held liable for any detriment fromits use. WWW: hrtp://www.intlscience.com Tel: 800-430-5727) 



P. 10 



JP 00268834A Machine Translation 
[1b1 5] 

CF 3 



[Chemical Formula 15] 
CF, 
I 



FSOiCFiCFzCOF + CF-CFi -* F S O* (C F 2) 3 O C F CO F 



C F s 

- ■- I 

F S0 2 (CF 2 ) 3 OCFCOF. -* F S O z (C F 2) , O C F = C F » 



±E©/t-7DDlf=;n— rJU*«(*«>»S(=l*, (5 



[00 1 e] *j6M(cfct»T. d)a-e***t**a^ 

0 2 C F 2 C F 2 CO FXliC I S0 2 C F 2 C F 2 S0 2 C I 

^$>, &H¥i 1-79 6 Qiztmttix^hotmm 



In case of above-mentioned perfluoro vinyl ether monomer, be 
cause C F2 1 unit ismore than monomer which is shown with 
Formula (5), making use of thehexafluoropropylene oxide 
whose cost is cheap, cyclization reaction with vinyl 
conversionstep does not occur. Therefore, as solid polymeric 
electrolyte, it uses perfluoro sulfonic acid film which is shown 
with the Formula (1), production cost can make also proton- 
conducting fuel cell which, low. 

[0016] Regarding to this invention, among copolymer which ar 
e shown with the Formula (1), ion exchange capacity being too 
hi^h, to disperse portion which moldingit is not possible in film 
to ( lower fatty alcohol + water), it is possible to use asthe 
electrode catalyst coating agent. But, crosslinked polymer 
electrolyte which is shown in Formila (2), be able to actualize 
themxh high ion exchange capacity, because electrical 
conductivity is raised and overvoltage can be madesmall, it is 
desirable, said crosslinked polymer electrolyte, that as above- 
mentioned perfluoro sulfonic acidmerrirane fromF S02 C F2 
CF2COF ortheaSQ2CF2CF2SQ2a\vhichissarrE 
starting material, it is stated in Japan Unexamined Patent 
Publication Hei 1 1 - 7969, is producedwith same method , 
following way Substitution to polyvalent metal of H atom is 2 
to 30% 
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C1b16] [Chemical Fonmla 16] 

F SOzCFzCFzCOF +LiN(SiMe ! ) ! — -(X-N) B - 
C 1 SOsCFzCFaSOsC 1 | 

L i 



-(X-N)„- -» -(X-N),- 

I I 
L i H 



-(X-N)p- 



[ooi7] ±tzomii%w;tt*mmn\t. (A)^omm 

<0fiSit*<^^-?ft?|tt(OC F 2 $2*<4-&t,"fcft. N-H05 



dbi 7] 



-(X-N),- 



[0017] As for above-mentioned crossl inked polymer electrolyte, 
when it compares with crosslinked polymer electrolyte ofthe 
Formula (4), as description below because construction of imide 
acid group the2 unit it includes C F2 of electron withdrawing, 
acid strength of N - H to bestrong effect which enlarges 
electrical conductivity is considerable. 

[Chemical Formula 17] 



-SO z CF 2 CF 2 CO-N-S02CF2CF2CO 

I 



H 



S0 2 CF 2 CF 2 CO-N-COCF2CF2S0 2 - 



H 



-S0 2 CF 2 CF 2 S02-N-S0 2 CF 2 CF 2 S02- 

I 

H 

[00 18] *ft«0?D h>£*£tt**&T>ttHM- [0018] You use with protoitconducting fuel cell of this inventi 
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fc£FS0 2 CF 2 CF 2 COFI*, TfBtfn^ft^tf);*;* 



U.S. P. 4, 329, 435 die$ttf);*«£ 
Utl 8] 

C 2 H 5 SN a + C F 2 C F 2 +(CH 3 0) 2 CO 
I 

C 2 H 5 S C F 2 C F 2 C0 2 C H 3 

1 C I 2 

C I S CF 2 C F 2 C0 2 CH 3 

i C I 2 

C I S0 2 C F 2 C F 2 C0 2 CH 3 

1 N a O 



/Ho O 



on, F SQ2 C F2 C F2 COF which is a common starting 
materialof solid polymeric electrolyte and electrode catalyst 
coating agqnt is produced with method of thebelow-irentioned 
any. 

It stated in US Patent 4,329,435 method 
[Chemical Formula 18] 

C2 HsSNa + C F2 C F2 + (CH3 0)2CO 



C2H5SCF2CF2C02CH3 
C12 

QSCF2CF2CQ2CH3 

02 /H20 

aSQ2CF2CF2CQ2CH3 
NaOH 



N a S 0 3 C F 2 C F 2 C 0 2 N a 

J PCI 



5 /POC I 3 



C I S 0 2 C F 2 C F 2 C OC I 



1 



N a F 



/sul forano 

FS0 2 CF 2 CF 2 COF 

[0 0 19] 

[1b 1 9] 

S 0 2 Q 2 + C F 2 C F 2 + M C N 

i 

QS 0 2 C F 2 C F 2 C N 



1 



0 4 or H 3 PQ 4 



H 2 S 



QS0 2 C F 2 C F 2 C0 2 H 

J SF, 



NaS03CF2CF2CQ2Na 

PC15/POQ3 

C1SQ2CF2CF2COC1 

NaF/sulforane 

FSQ2CF2CF2COF 

[0019] 

[Chemical Formula 19] 

SQ2Q2 + CF2CF2 + MCN 

QSQ2CF2CF2CN 

H2SO4 orH3PO* 

QSQ2CF2CF2CQ2H 
SF4/MF 
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/U F 

FS0 2 C F 2 C F 2 COF 

[0 0 2 0] 

Wtz o] 

A S 0 2 M + C F 2 C F 2 + D 2 CO 
I 

AS0 2 C F 2 C F 2 COD 

H S 0 3 C F 2 C F 2 C 0 2 H 

I S F 4 

F S 0 2 C F 2 C F 2 C O F 

(CCT'AliOM, R, NR 2 $/cliNH 2 , RI*Ct~ 
C5 <D7;U*M/*£fctt 

7'j;uS, MttfrEtHC. Dtt/\py>*fciioR) 

^DDXa^Ili, U.S. P. 4, 329, 434 C:|E«**lT 
l*6«k?l=* f h77DPIf UVt (7) ST?3F*fl 

Ht2 1] 

CF 2 =CFO(CF 2 ) 3 S0 2 R (7) 

(cc-c, rtttfiiBtHi:) 

[00 2 1 ] 

<##^1 1 >U. S. P. 4, 329, 435 CDHJEfl] 1 \Z#l\ F S 
0 2 CF 2 CF 2 COF^Lf;o ZOitStyZ. U. S. P 



FS02 CF2 CF2 COF 
(Here as for Q as for halogen ,M alkali metal ion ) 

[0020] 

[Chemical Formula 20] 

ASO2M + CF2CF2 + D2CO 



ASQ2CF2CF2COD 

After alkali hydrolysis, acidadditio 

n 

HS03CF2CF2CQ2H 
SF4 

FSQ2CF2CF2COF 

(Here as for A as for OM ,R,N R2 or NH2 ,Ralkyl group of CI 
toC5 or 

As for allyl group ,M same as description above, as for D haloge 
norOR) 

Furthermore, also it is possible with this invention, perfluoro su 
lfonic acid film which youuse as solid polymeric electrolyte, as 
stated in US Patent 4,329,434 , to copolymerize fluorination 
vinyl etherwhich is shown with tetrafiuoroethylene and 
Formula (7), filmformation after doing,the hydrolysis to do 
and to produce. 

[Chemical Formula 21] 

CF2=CFO(CF2)3SQ2R (7) 

(Here, as for R description above same) 

[0021] 

[Working Example(s)] Reference Example and Working Exam 
pie are shown next, this invention is explainedfiirthermore in 
detail, but range of this invention is not something whichis 
limited in these. 

<Reference Example 1> In accordance with Working Example 
1 of US Patent 4,329,435 , F SQ2 C F2 C F2 COF was 
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.4.329,435 0g]5£#i] 2 \Z'ftl\ P P ?P tf b> 

**1M K££J££ttT, FS0 2 (CF 2 ) 3 OCF(CF 
3 )C0FSf|f; o JEt* U. S. P. 4, 329, 435 <&5gjfifl| 3 U: 

7PPlf-;H-- T)im£& : FS0 2 (CF 2 ) 3 OC F = 



[00 2 2] <#*«2>#t«11f&*LfcFS0 2 ( 
CF 2 )~ 3 OC F = C F 2 U.S. P. 4, 329, 435 <BggJG0| 

»7 A-5tt»**t h 'J «> AO 1/ K 7 * A« 
tt. ?WbSJ£ LT^-7PP*?*>Ifc7>^:i^A£ 

0° C(DMTt\ f>7rPPXfl/>t#lgJt 
1 . 2 (me q/g"«;j*fflBI)<D/<»7np^;u*>»K 



[0 0 2 3] <##«3>##0(|1 -C#6*lfc FSO 
2 CF 2 CF 2 COF£, t*n?1 1 - 7 9 6 9<DgSJSffl1 



[0 0 2 4] <£ffifl1>4 0lj^<D&&MJKi3&* 
-**>IC, ##^3T^bttfcfgffiiS^l»R(D5M 

■<DMJ£A<2 : 1 t45*5(=aaoL, $-K#ffc£-fer 

- h±i::!MTLfca, ioo° c-ettj»Lr«ilt*>» h 

0f B 1fc##M2T*^bnfc/^-7PPXJU^>SSS^^ 
»"eHSflLXIi4^, 15 0° C, EA50kg/c 

fis B*4OO5^P><0*-7|?>^PXS, tK'JxK 
7 7 □ p if b >toMSC;iI Lfct , 3 4 0° CT* 

o/ciC5, 1. 0 A/cm2 (D«35*a(zfc^r, 



synthesized This compound, in accordance with Working 
Exarrple 2 of US Patent 4,329,435 , reacting withthe 
hexafluoropropyiene oxide, it acquired F SQ2 (C 
F2)30CF(CF3)COF. Furmerrrore, following to Working 
Exarrple 3 of US Patent 4,329,435 , thermal decomposition it 
did the said compound on sodium carbonate, acquired perfluoro 
vinyl ether monomer :F SQ2 (C F2)30CF=C F2. 

[0022] <Reference Example 2> It designated water as solvent F 
SQ2(CF2)30CF=CF2 which is synthesizedwith Reference 
Example 1 , with Working Example 4 and same method of US 
Patent 4,329,435 , as the catalyst under condition of pressure 5 
atmosphere , polymerization temperature 40 °C of 
tetrafluoroethylene, it copolyrnerized withthe 
tetrafluoroethylene making use of perfluoro octanoic acid 
amrnoniumas redox catalyst , emulsifier of ammonium 
persulfate - sodiumhydrogen sulfite, in film of thickness 
1 00 m formulation after doing, hydrolysisdoing copolymer 
which is acquired, with alkali, ion exchange capacity 
acquiredthe perfluoro sulfonic acid film of 1 .2(meq/g dry resin). 



[0023] <Reference Example 3> It designated tetrahydrofurana 
s solvent F SQ2 C F2 C F2 CDF which is acquired withthe 
Reference Example 1, with Working Example 1 and same 
method of Japan Unexamined Patent Publication Hei 11- 
7969, reacted with the lithiumbis (trinxthylsilyl) amide and . 
acquired polymeric electrolyte. It changed this polymeric 
electrolyte into H form with sulfuric acid, furtherrrorereacted 
with magnesium acetate, it acquired crosslinked polymer 
electrolyte where hydrogen atomofapproxirnately 10 % of 
irride acid group is substituted to magnesium atom 

[0024] <Working Example 1> In platinum catalyst-bearing carb 
on of 40 weight %, 5 wei^it % ethanol solution of crosslinked 
polymer electrolyte which is acquiredwith Reference Example 3, 
in order for weight ratio of platinum catalyst and crosslinked 
polymer electrolyte tobecome 2:1, it added, dispersed to 
uniform and manufacturedthe paste. After applying this paste 
on sheet of poly tetrafluoroethylene making use of thescreen 
of 200 mesh, drying with 100 °C, it acquired catalyst sheet. It 
faced and adjusted catalyst layer of 2 catalyst sheet, hot press 
after doing,peeling poly tetrafluoroethylene sheet of both 
surfaces with scissors and 1 50 °C , pressure 50 kgfarc withthe 
hydrochloric acid with perfluoro sulfonic acid film which at that 
time is acquired with Reference Example 2as H form, it 
produced film electrode joint. On one hand, after soaking 
carbon cloth of thickness 400 micron, in dispersion of the poly 
tetrafluoroethylene, sintering was done with 340 °C, catalyst 
layer support was produced When it laminated these film 
electrode joint and catalyst layer support, installed in fuel cell 
unit cell test apparatus,in fuel in hydrogen gas and oxidant it 
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[00 2 5] <£ififl2>*aftfttt£H&LT. ## 

l«H(Ox$r y -jusjftcDfttjy (efflux, £ 

T „ 0Uftft-C*-iz;uB«tftofci:C%, 1.0 A 
/cm2 0)W%L$SL\Zt$l>X % t^uffi^BElio. 6 5 



[0 0 2 6] <tt*«1 >£JK«1(Zfclv<\ 
PA;U7h>»HtLT, ^^>X»Sa*<0. 9 1 (me 
q/gte*«Bi)"e, I^17 5w.mOt7-ft>B( 

, -r* (*Tv:7n bf;ur;up 

fxofc<fcC*>, 1. 0 A/cm2 0BS5afJSlZfcl^r 
, -tr;uai*fSEI*0. 45VTffcot, 

[00 2 7] 

MKttSM^: Lrffl^S§E«»»^«»mi, -f a Kit 
2 mtecoc F 2 **r*fc», -f 5 



did unit cell test of characteristics with the ambient pressure , 
cell temperature 70 °C making use of air, cell output voltage 
was 0.71V in degreeof current honey of 1.0 A/cm2 . 

[0025] <Working Example 2> Adjusting copolymerization con 
dition, you obtained copolymer where ion exchange capacity is 
high inconparison with Reference Example 2 dispersed to 
mixed solvent of ( isopropyl alcohol + water). This using in 
place of ethanol solution of crosslinked polyrrer electrolyte, it 
operated in sameway as Working Example 1 , produced 
catalyst sheet. Making use of this catalyst sheet, when it 
assembled test cell in same wayas Working Example 1, 
appraised unit cell with same condition, cell output voltage was 
the0.65V in current density of 1.0 A/cm2 . 

[0026] <Comparative Example 1> In Working Example 1, as 
perfluoro sulfonic acid film, ion exchange capacity being 0. 
91(meq/gdryresin), tMclmessrmkinguseofNafionfilm 
(DuPont supplied) of 175 m, in place of crosslinked polymer 
electrolyte, whensirrilar unit cell appraisal was done making use 
of solution whichdisperses Nafion polymer to ( isopropyl 
alcohol + water) mixed solvent, cell output voltage was 0.45V 
in thecurrent density of 1.0 A/cm2 . 

[0027] 

[Effects of the Invention] Proton-conducting fuel cell of this in 
vention in order perfluoro sulfonic acid film which takes 
specificvalue,nurrberofunitsofCF2of side chain 3 to use, as 
solid polymeric electrolytethe production cost to be cheap in 
addition to fact that energy efficiency is high,the assembly of 
cell being easy, long-term maintenance can do performance. In 
addition, as for crosslinked polymer electrolyte which it uses as 
electrode catalyst coating agent, because thestructure of irride 
acid has C F2 of 2 unit, acid strength of irride acidis strong, 
overvoltage is lowered and effect which makes internal 
electrical resistancelow is large. 
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n^immmm^mrm i#33- 107 












(74)ftSA 100105371 






#3S± JU* it 






JMtJ»oR< 


(54) mwv&m 







(57) im) 



4. 



-SOiCFjCFsCO-N-SOjCFsCFaCO- 



H 



-S0 2 CF J CF:CO-N-COCF 1 CF>SO s - 
I 

H 



-SOjCFsCFtSOi- 



N- 
I 

H 



SChCFsCFsSOs- 



1(2) 000-268834 ( P 2 0 0 0 - 2 6JL8 



immnm ] axiv^ymm-h i. ra h yfomsmmnm 

itmmi mfoftttT-wmmK ( nances*, uti] 

(A) -(CF 2 CF 2 )- (1) 

(B) -(CFsCF)- 

I 

CKCFjhSOaH 
"(ir-e, m*)T&l,)£frm<D$ttt(A)/(B)= 1. 5-10) 

- ' -(X-N)p- (2) 

I 

Y 

Xtt-COCF.CF 2 S0 2 -, -SCUCFsCFsCO-l-fcl* 
-SO2CF2CF2SO2- ; YllHJfcli2ttio4IIf ; pf±2£i±(D 

mm 

ixmeffimnm [0002] 

1 0 0 0 1 3 ivmcomn ra h yimmmmnwcrim&z 

mvmwmm&zmiiti&7vh>mm.m\ ti&>*-7nazj\,*y&®m^$>tixztz. 
mmzmti. ut3] 

-(CFsCF2)»-(CF 2 CF)i- (3) 

CF. 
I 

(0CF t CF),0(CFi)iS0>H 



HlW-yaaxiV-fcym&Wft, q = 0Oi<7){3q 

(a) KEITH PRATER, "THE RENAISSANCE OF THE SOLID POL 
YMER FUEL CELL"Jounal of Power Souces,29(1990)239- 
250 

(b) EUROPIAN PATENT SPECIFICATION 0289869 Bl 

t o o o 3 1 ra h y\mm.mmm^m^mh 



7 96 9K!S^$;fvO^. 
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-(Z-N)»- 



(4) 



(ii-C, ZI4-COCFiSO.-*fc|±-SOiCF.CO- 



[0004] Li£L%#b. z.tihm.mm\>z\tw) 

(a)±KO(3)5tT\ 4*y£tmfL$TS<V$b q 
v t ( 5 ) sST'^S ft*; 1 ?- yuu b'- /la;— F/WMWc 

CF 2 C1 



Ht5] CF 2 = CFO(CF 2 ) 2 S0 2 F (5) 
[0005] U.S.P.4,358,412T"ra^§^.TV^,J; o 

[fc6] 

CF*C1 



FS0 2 CF 2 COF + CF-CF 2 



L 



I 

o 



FS0 2 (CF 2 ) 2 OCFCOF 



CF2CI 



FS0 2 (CF 2 ) 2 OCFCOF 

[00 06] ZORffolZtS^X > axh<7)^->^dfHf7 
uurnt^y^iM F£<£ffl-fl>£. Witf. U.S. 
P.3,560,568, U.S.P.4,329.435^(caaSilT^6J:'5 

CF 3 



F SOjCF»COF + CF — C F 2 



Li 



CF, 



FSOj(CFj) 2 OCFCOF 



FS0 2 (CF 2 )jOCF = CF 2 

CF, 
I 

-» FSOj(CFs)tOCFCOF 



CFs 
I 

r (CF 2 ) 2 OCF 



-so*- 



!(4) 000-268834 (P2000-26JL8 



[0007] (b)U.S.P.3,560,568 IZtmZtlX^hX 

~CF 2 CF2« + CF* 



ztiwmizzh. zoitimmi. fh57Dnif 

V v izftt h n- 7 d o h - - ;px - W£Mft<oSi|£ 

Wis BWM***. 
[fc8] 



= CF 
I 

0(CFi)iSOiF 



~CF2CF 2 CF2-CF • 



0(CF 8 ),S0 2 F 



i 



~CFaCF«CFs — CF— SO* -i 
I 

O (CF,)! - 



+ F 



[ o o o 8 ] ( c )±siumx'*zix&$m min-m 

JK±. -<^>'3^S4S:(3)5<;oA , -7onx;l/*>'K 

l-7 9 6 9tKtE£*rO^I>J:-3t, iA-7nox 
^yKlil^t 1 !I^f*)|.FS0 2 CF 2 COF£S! 

- S Oj-C Fs-CO-N- 

I 

H 



[ft 9] 

SOs-CFj-CO- 



-SOj-CFs-CO-N-CO-CFi-SOj- 
I 

H 



[0009] 

m,x\ %mzm^%<rMi&*imx'%h. mvyu 

[00 10] 



fiSWfcLT. (l)*fcwS*i4(A)fci:tf(B)tf>i*»)ig 
C-fbi 03 
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(A) 
(B) 



•(CF«CF0- 
-(CFiCF)- 
I 



(1) 



0(CF a )iSO.H 

tzzv, mm.vwm<Dttt±(A)/iB)=i. s~io) 

[oo 1 1 i *mv7'vh>fcmimmmmcD ^mm«Thiztmtu\ 



-(X-N)»- 
I 

Y 



Hfcl 1] 



(2) 



S02CFsCF 4 CO-$fctt 



(ZZ1?, Xtt-COCF 3 CF*SO»- 
-SChCFaCFsSO*-, YttHSfctt2mJb©£*fflH t , p l*2£l±<D 

mm 



*»7a h yfSiM^li. ^itnx 

W^ilf fn-£ 6 . *fc , iB&UKttfKff £ C F , 

FMffi£ffi < t h z t mmrh h . 

[00 12] 

(A) -(CFsCF,)- 

(B) -(CFsCF)- 

I 

CKCF^SOsH 

zzv, mmi&mn<7)tt(A)/(B)^ hwci. 

5~1 OOSSBfc&D, *?£L<li2~7, RtffiL 

[ftl ].'f*VX«S*(meq/g<e«ttf»)=l,OO0/ 
-(X-N)p- 



tt, HfcStfHPWMr**. <l)5*T5SSft.6(A)4$J:tf 
C-ft 1 2 ] 

(1) 



(100(A)/(B)+328) 

[ o o 1 3 1 i vfflioTa h ymmmmmm 

fcfewcii, «fi»BKtt«WtLtHR*(2)T^Sti 
[ftl 3] 

(2) 



(ii-e, Xfi-COCFiCF.SO,-, -SO*CF2CF } CO-£*:li 
-SOeCF 2 CF 2 S0 2 - ; YttH*fctt2ffiK±<D£*JK*; pll2«±© 

mm 



[00 14] U.S. P. 4, 329, 435 WEttSflTV** J: 0 

b 7 7 d a x f- 1/ y t ( 6 ) § tl h rt- 7 o d t- 
rtct-T>Hi*tt&&S£U 1 0~3 0 0^m<7)if§ 



[ftl4] CF 2 =CFO(CF 2 ) 3 S0 2 F (6) 
S;h.5mSttJ:9kCF2tflJ|lti^«0 , C\ Jb&U: 
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CF 3 

I 

FSdCFjCF^COF + CF-CF. 

I 

O 



[00 15] U.S. P. 4, 329, 435 izXtlii. (6)^T*$ 

[-fbi 5] 

CF, 

I 

-* FSOitCFO) OCFCOF 



CFs 



FSOi(CFs)s OCFCOF 

±M<7V <- 7 D p t'^x - f /HUMfccDi®£ fcii . 
(5>a"C*3*i6»JMW:»K CF 2 

[00 1 63 aMHJJfcfcWC, ( 1 )5£r*£*U«a£ 

FSOzCFtCFzCOF +Li 
C 1 SOiCFiCFiSO.C 1 

m 

-(X-N)p- -> -(X-N)„- 

I I 
L i H 



[00171 im^mmm^mmt. u^com 

nm&ifiWWfil&nC F 2 Sr 2 JUtfltetfltft, N-H 



- FS02(CF 2 ) s OCF = CF! 

S0 2 CF 2 CF 2 COFX{iC 1 S0 2 CF 2 CF 2 S0 2 
C 1*»4>, «fflHFl l-7 9 6 9fclB«S*iT^6<0i: 

<r)$m&W,'\<r)Wm± 2~~3 0%Tkh> 
C-ft 1 6 ] 

HSiMe.la - -(x-N).- 

I 

L i 

-* -(X-N)p- 
I 

Y 
I 

-(X-N)p- 

[<ffcl73 
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-S02CF 2 CF 2 CO-N-S02CF2CF 2 CO- 



H 



S0 2 CF 2 CF 2 CO-N-COCF 2 CFaS0 2 - 



H 



S02CF2CF 2 S02-N-S02CF2CF 2 S02- 



H 

tools] *mvrv h ymsmmnmmt mz-mttztiz . 

2.. mi^M^mm'KtmmMmmmm^m^mmx' cdu.s.p.4,329,435 iztmeyxm 

£>|>FS0 2 CF 2 CF 2 COF«;, TiZ<r>^-ftlfr<r>1j Utl8] 

C 2 H 6 SNa + CF 2 CF 2 + (CH 3 0) 2 CO 
i 

C2H5SCF2CF2CO2CH3 

i c 1 2 

C 1 SCF 2 CF 2 C0 2 CH 3 

■i Cl 2 /H 2 O 

C 1 S0 2 CF 2 CF 2 C0 2 CH 3 

I NaOH 
NaS0 3 CF 2 CF 2 C0 2 Na 

1 PC 1 5 /POC 1 3 

C 1 S0 2 CF 2 CF 2 COC 1 

I NaF/s u 1 f o r a n e 

FS0 2 CF 2 CF 2 COF 
[0 0 19] Utl9) 
© S0 2 Q 2 + CF 2 CF 2 -h MCN 

I 

QS0 2 CF 2 CF 2 CN 

1 H 2 S0 4 or H 3 P0 4 

QS0 2 CF 2 CF 2 C0 2 H 

I SF 4 /MF 

FS0 2 CF 2 CF 2 COF 

[0020] 

<3> AS0 2 M + CF 2 CF 2 +D 2 CO 

I 

AS0 2 CF 2 CF 2 COD 
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1 TWJtiMM®. BKttD 

HS0 3 CF 2 CF 2 C0 2 H 

I SF, 
FS0 2 CF 2 CF 2 COF 
(ZZX'AltOM, R, NR 2 ^jtliNH 2 , R{±C1 ~C5 cr>Tl\s*)l>mitzte 



7on^*y»BHi. U.S. P. 4, 329, 434 fcE«S*VC 
^JJ:3t:. fh77onxfi/yt ( 7 ) 5^T*^Sit 

ixmmt izkt ^mx-h & . 

[ft 2 1 3 

CF 2 = CFO(CF 2 ) 3 S0 2 R (7) 
(ZZT, RliflrBfcfft) 
[00 2 1] 

<##0Jl>U.S.P.4,329,435 OSBtMl CftVi. FS 
0,CF,CF,COF*^«Lfc. £<9fl:£ft£ s U.S. 
P. 4, 329,435 ?>|«J2«^\ ^t7on7Dtl/ 
f**"^ FfcRjSStfT, FS0 2 (CF 2 ) 3 OCF(C 
F 3 )COF£f»fc. Jgfc. U.S.P.4.329.435 Of656W3 

-7nnb-/H-f/Hi*: FS0 2 (CF 2 ) 3 OC 
F-CF,t*fe. 

[0022] <##M2 >##W 1 "C^jSLfc FSO 
2 (CF 2 ) 3 OCF = CF 2 Sr. U.S.P.4, 329,435 OUSfe 

4 0' Ci^ffTT, rb770PXf-l'>-i:itfi^$ 

*<1 . 2(meq/gW|)W^-7nDXMyi 

[0023] 3 >P%m 1 T1# £>*l£: FSO 

2 CF 2 CF 2 COF£, WSHW-l 1 - 7 9 6 9<nmm 

itnmrtiWzi.*). f h7tKD77y«h 
cww^HFWit^wfflrcHafc 

<0»1 0%eo**SW-7/*>"7AM^tffi^§<i^ 

[0024] <mm i > 4 oM%<7)e^«^i^* 

OfifiJt^2 : ltWiacant, 



W^^y-VSrffl^T. .ifUfS77DDXfPy«7)y 

- h±ldWfLfclft, 1 0 0" CT1H»UTjWI^-h 
fcfcfc. 2ftcO«^-h£OMJl^|*I*H^-lt. * 

»CHStLTtt$*. 15 0° C, E7l5 0kg/c 

Tresis- vimvix, wmmg&wzimLt:. - 

If, 0 $?n><7)#-#>?nxi ^ ^yf h 

?7nnxf-u>^#lMfc«*U:SL 3 4 0* CT 

-5^t>I^ % 1. 0 A/cm* WffiMl&iZti^X . 

[0025] <mtm 2 >itm^mm& lx , 



®fr$.x. n^fkwx^ivm&i^tztzb, i. 

0 A/cm* <0HS*ftfc*iVvt, -fe/l^7l«ffii 
0. 6 5VT&ofc. 

[0026] <Jt«W 1 >HJ60lJ 1 fcfcWC . A- 7D 
O-X/MsyRRfc LT . 4 *>38m&WQ . 9 1 (m 

M(D u P o n t ItS) m\\ Smm=tft3!M<MVb 

M&®Miztt&ztt®mz%^x . ®mv>%.*>\s 

iWfifcfTo 1. 0 A/cm* O^ggS&gfc: 

t$WC. -b^aj*«£EU0. 4 5Vt*ot.. 
[0027] 

[*PJ*8M1] *^<7)7Dh>fE^M##4«?fi(i. fill 
K^3t* J 2#fic7)C F 2 £#t&£#>. S HM<7)S? 



F^-A(##) 4F071 AA27 AA30 AA64 AA75 AA78 
AE22 AH15 BC01 BC02 BC17 
4J002 BD151 BP031 BQOOl EV176 

EV236 GQOO GQ02 
5G301 CA30 CDOl 
5H026 AA06 BB04 CX05 EE19 



